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We examined two manifestations of coal tar phototox-
icity: delayed erythema and skin pain (tar smarts) by 
quantifying the amount (dose) of UV A and exposure 
conditions required to induce these phenomena in nor-
mal human skin. The minimal UV A dose required to 
induce delayed erythema (minimal phototoxic dose or 
MPD) and the minimal UV A dose required to induce an 
immediate smarting reaction (minimal smarting dose or 
MSD) were recorded in 32 subjects in a variety of set-
tings. A log-log dose-response model described the re-
lation between the interval of time tar was left on the 
skin and lowering of MPD. We examined 4 different 
methods of tar removal and showed that several methods 
using more than water alone were equally effective-
judging by resultant phototoxicity. The time between 
tar removal and UV A irradiation is important. Even 30 
min was sufficient for the MPD to increase from 3. 77 ± 
1.55 to 6.1 ± 4.0 J/cm2 (p < 0.02). The smarting reaction 
shows a similar dependence on the time interval between 
tar removal and exposure. The mean MSD was less than 
the mean MPD at all times tested. Both manifestations 
of coal tar phototoxicity, reduced delayed erythema 
threshold and susceptibility to the smarting reaction, 
persisted at least 30 h after tar removal. 
In 1913, Lewin [1] was the first to recognize that coal tar 
products could sensitize the skin to sunlight. He described 
workers in contact with coal tar products who developed der-
matitis and itching upon exposure to sunlight. In 1925, Goeck-
erman [2] introduced the use of crude coal tar (CCT) and 
ultraviolet radiation (UVR) for the therapy of generalized pso-
riasis. He postulated that coal tar phototoxicity played a role 
in the beneficial effect [3] . Several studies have concluded that 
the UV sources employed at normal exposure times provide 
insufficient UV A to produce a phototoxic erythema reaction to 
tar [4-6]. 
The kinetics and exposure parameters of coal tar phototox-
icity have not been adequately studied. Clinical and laboratory 
investigat ions of the photosensitizing effects of tars have used 
widely varying methods. Tar has been applied for 15 min [7], 1 
h [8,9], 90 min [5], 2 h [10- 15], 3 h [16], overnight [2,6], 24 h 
(3], and multiple applications [17- 22]. A multitude of methods 
of tar removal have been utilized including soap and water 
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PI: phototoxicity index 
T A: interval of time tar is left on the skin 
UVR: ultraviolet radiation 
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[12 ,14,15,19,23], soap and water plus mineral oil [18,20,21], 
olive oil [2,3], vegetable oil [6], ethanol [1 7], benzen e [16], 
acetone [10,11], soap a nd water plus ethanol [22], ethanol plus 
water [5], and no removal [8,9). 
We have examined in more detail two distinct clinical man-
ifestations of coal tar phototoxicity: (1) t he minimal UV A dose 
required to produce de layed erythema which we called t he 
minimal phototoxic dose (MPD) of UV A, and (2) the minimal 
UV A dose required to produce an immediate burning, stinging, 
or smarting reaction which we called the minimal smart ing 
dose (MSD) of UVA. We studied t he effects of t he following 
variables on MPD: (1) interval of time tar is left on t he skin 
(TA); (2) methods of tar removal ; and (3) time between removal 
of tar and UVA irradiat ion. We have also examined the per-
sistance of susceptibili ty to the ta r-smart ing reaction foll owing 
tar remova l. These are importan t questions. If indeed tar com-
bined with phototherapy is a worthwhile componen t of der-
matologic therapy, measures to quantify and diminish t he side 
effects of tar would be most helpful. 
MATERIALS AND METHODS 
Materials 
Subjects: Thirty-two untanned adults (skin types I- III) with no 
history of photosensit ivity served as volunteers. Informed consent was 
obtained. 
UVA Source: The Elder Broadband UV A Portable Source consists 
of a panel of 12 FS 36T12 Elder bulbs wi th irradiance at 15 em of 6.5 
m W /cm2 for a broad spectrum of UV A (320-400 nm ) as measured with 
the International Light IL 783 spectroradiometer. Radiat ion of wave-
lengths shorter than 313 nm made up less than 0.035% of the output 
(0.0023 m W /cm2) . The entire emission spectrum is graphed in Fig 1. 
The light source had no significant infrared emission. 
Tar: A single lot of 5% CCT in petrolatum was, in all experiments 
applied liberally and evenly to designated areas of the backs of volun ~ 
teers. 
Statistical Analysis 
Student's t-test was used to compare sample means between two 
samples, and analysis of variance was used to test differences in means 
between multiple samples. Linear (least squares) regression analysis 
was used to study the relation between variables. 
Effect of TAon MPD 
Five percent CCT was applied to the backs of 8 subjects in 6 distinct 
sites for 15, 30, 60, 90, 120, and 180 min. Tar was then vigorously 
removed with a washcloth, Ivory soap, and water. Immediately follow-
ing tar removal the MPD of UV A was determined at each site usinu 1 
em-diameter apertures. UV A exposure doses ranged from 1.5- 23 .6 "J 1 
cm2 which required 4-60 min. The minimal erythema dose (MED) of 
UV A was determined wit h the same UVA exposure doses at a site on 
the back that had not been exposed to tar. In all subjects, the MED 
and MPD were defined as the minimal dose of UV A causing 1 + 
erythema with distinct borders read at 24 h afte r exposure. 
Methods of Tar Removal- Effect on MPD 
Five percent CCT was applied to 4 separate sites on the backs of 13 
subjects for 1 h. We compared the following methods of ta r removal: 
(1) water, (2) Ivory soap and water, (3) mineral oil , and (4) Ivory soap 
and water followed by mineral oil. Immediately after tar removal all 
sites were exposed to UV A and the MPD of UVA was determined. 
UVA exposure doses were identical to those used above. 
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FIG 1. The spectral irradiance of the Elder Broadband UV A Port-
able Source. 
MSD as a Function of Time Following Tar Removal 
Five percent CGT was applied to the backs of 19 subjects and 
removed 1 h later with a washcloth, Ivory soap, and water. The subjects 
were informed prior to testing about the photosensit izing effect of ta r 
plus UV A in producing a burn ing, stinging, or smarting reaction at an 
unspecified time during UV A exposure. The MSD of UV A for each 
subject was defined as the dose of UV A required to produce the 
subjective sensation of smarting. The subjects would signal the onset 
of symptoms and was encouraged not to wait until the burning sensa-
t ion became unbearable. Subjects were tested immediately and at 0.5, 
2, 4, 6, 24, and 30 h fo llowing tar removal. Each subject was irradiated 
with UV A at 4 of the above time intervals. At least 8 subjects were 
tested at each t ime, and at only 24 and 30 h were less than 10 subjects 
tested. The MSD was determined by irradiating a 1.8 x 1.8 em aperture 
in a 5 X 5 em aluminum template. On a separate area of the tar-treated 
back the MPD of UV A was simul taneously determined; this necessi-
tated continuation of UV A exposure after smarting had occurred. UV A 
exposure times ranged from 4-90 min (1.5-35.25 J /cm2). Using the 
same UV A exposure times, the MED of UV A was determined in those 
8 subjects tested at 24 and 30 h. 
RESULTS 
Effect ofT" on MPD 
Tar application for 30 min was photosensitizing in all 8 
subjects (MPD < MED). Six of the s1,1bjects showed photosen-
sitization after only 15 min of tar application . As seen in F ig 2, 
t he photosensitizing effect of tar increased rapidly up to 60 min 
of app lication. Increasing t he T A from 30 to 60 min decreased 
the MPD from 11.2 ± 3.2 J/cm2 to 5.9 ± 1.9 J/cm2 (p < 0.001). 
For t imes of tar application greater t han 60 min , increasing t he 
T A had less effect and the curve p lotting MPD vs T A f1attened. 
Increasing T A by 30 min, for example from 60 to 90 min and 
from 90 to 120 min , was not sufficient to produce significant 
lowerin g of MPD ( p > 0.1) in our sample . But increases ofT A 
from 60 to 120 min and from 120 to 180 min was sufficient to 
produce a significant lowering of MPD (p < 0.002 and p < 
0.021, respectively). 
The MED of UV A in these 8 subjects could not be precisely 
determined. In 4 subjects the MED of UV A was greater t han 
t he highest dose tested-23.5 J/cm2• Two of t hese subjects 
could not be retested and 23.5 J/cm was therefore utilized in 
these cases fo r calculation of the estimated mean MED. In t he 
2 remaining subjects exposure to doses of UVA up to 35.25 J/ 
cm
2 
was adequate to determine an accurate MED. The esti-
mated mean MED of UV A for a ll 8 subjects was greater t han 
22.2 ± 6.1 J/cm2• While t his represents a low estimate of t he 
actual MED, the calculation a llows a useful comparison with 
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the MPDs measured for t he intervals of tar application tested 
(see Fig 2) . 
As seen in Fig 3, a log-log dose-response model well describes 
the relation between the interval of time tar is left on t he skin 
a nd MPD. There was a linear relationship that was sign ificant 
and highly associated ( p < 0.001, R2 = 0.98) . 
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FIG 2. Minimal phototoxic dose of UV A plus tar (MPD ± SEM) as 
a function of the T A· N = 8 subjects. 
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FIG 3. A linear log- log dose-response model describes the relation 
between the TA and MPD. This relationship was significant and highly 
associated (p < 0.001, R2 = 0.98). 
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Based on our initial results, in subsequent experiments we 
applied tar for 1 h, which was adequate to produce substantial 
and significant photosensitization. The phototoxicity index (PI 
= MED/MPD) after 1 h was greater than 4 and was approxi-
mately 45 % of the PI after 3 h (based on the low estimate of 
MED). 
Methods of Tar Removal- Effect on MPD 
The results are listed in Table I. The MPDs following tar 
removal with (1) mineral oil, (2) Ivory soap and water, and (3) 
Ivory soap and water plus mineral oil were not significantly 
different. A significant difference in MPD ( p < 0.05) was noted 
only when the least vigorous method of removal (water) was 
compared with the most vigorous method (soap and water plus 
mineral oil). Soap and water was simple, effective, and well 
tolerated by the subjects and was therefore used in subsequent 
experiments. 
MPD and MSD as a Function of Time Following Tar Removal 
In Fig 4, the MPDs determined by exposure to UV A at 
specified times following tar removal are graphed together with 
the corresponding MSDs. In 3 subjects, the MED was greater 
than 35.25 J/cm2 , and the highest dose tested (35.25 J/cm2 ) 
was designated the MED. The mean MED in the 8 patients 
tested was therefore greater than 33.3 ± 3.2 J/cm2 , but could 
not be precisely determined. Even 24 and 30 h after tar removal 
a significant photosensitizing effect was noted; in each patient 
the MPD at 24 and 30 was lower than their respective MED of 
UVA. There was a significant difference (p < 0.02) in the MPD 
immediately following tar removal (Time 0)-3.77 ± 1.55 J/ 
cm2-and that determined 30 min following tar removal-6.1 
± 4.0 J/cm2-suggesting a rapid decrease in the reservoir oftar 
available at the site of photosensitization. Longer time intervals 
TABLE I. Minimal phototoxic dose ± SD after I -hour application of 
5% crude coal tar and removal of tar (N = I I subjects) 
Method of ta r removal MPD + SD (J / cm2 UVA) 
Mineral oil 5.7 ± 2.3~ 
p = 0.17 
4.9± 1.5--j I Water 
p = 0.12 1 
5.5 ± 2.4-------j p < 0.05 
p = 0.20_j 
6.3 ± 2.8_j 
Soap and water 
Mineral oil, soap, and water 
25 
r-fMPD 
20 
0 
0 5 10 15 20 25 
TIME FOLLOWING TAR REMOVAL (hours) 
FIG 4. The MPD and MSD of UVA (± SEM) were determined at 
specified times following removal of tar (1-h application). N = 13 for 
time 0, N = 19 for 30 min and 6 h, N = 10 for 2 and 4 h, and N = 8 
for 24 and 30 h. 
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between tar removal and UV A exposure were accompanied by 
more gradual, but consistent, increases in MPD. 
The MSD also significantly increased with increasing inter-
vals between tar removal and UVA exposure (p < 0.001). The 
smarting reaction could still be induced in all subjects tested 
30 h later. The mean MSD was significantly lower than the 
mean MPD at all times tested up to 24 h after tar removal ( p 
< 0.05). At 30 h, while the MPD was greater, this difference 
was smaller and no longer significant. Although the mean MSD 
was always lower than the mean MPD, individual variation 
was great and the MPD and MSD at specified times following 
tar removal were not highly correlated (R never greater than 
0.24). 
At times the smarting reaction was associated with an im-
mediate erythema which faded in several hours; however, this 
was not a consistent finding with 1 MSD of UV A. No urticarial 
response was noted at this dose. 
DISCUSSION 
The value oftar as an adjunct to the phototherapy of psoriasis 
is uncertain, and the lack of a standardized regimen for the T A , 
method of tar removal, and time interval between tar removal 
and UV irradiation makes it difficult to compare studies. We 
have shown that increasing the T A up to 3 h will produce 
increasing phototoxicity as manifested by the lowering of MPD. 
Phototoxicity appears to be near maximal after 3 h of tar 
application with a PI greater than 9. We have shown that most 
removal methods, except for water alone, are roughly equivalent 
and effective. We demonstrated the importance of specifyino-
the time between tar removal and UV exposure- longer tim~ 
intervals result in decreased phototoxicity (higher MPD) . We 
examined a second manifestation of coal tar phototoxicity, the 
smarting reaction , and found a similar pattern of decreased 
photosensitivity at longer time intervals following tar removal. 
Yet both aspects of coal tar phototoxicity persisted even 30 h 
following a 1-h application of tar. 
Everett and Miller [ 4] established the action spectrum for 
delayed erythema for 5% crude coal tar to be between 350 and 
400 nm. Using a monochromator, Crow et a! [17) found that 
the smarting reaction to coal tar pitch occurred between 340 
and 430 nm. Photosensitizing compounds in CCT include an-
thracene, phenanthrene, pyrene, fluoranthene, and acridine 
[23-25]. No evaluation comparing the erythemoo-enic and 
smarting potential of the various constituents of co:! tars has 
been completed. 
The kinetics and exposure parameters of coal tar phototox-
icity have not been adequately studied. Fleischauer in 1930 
showed that even 15 min of tar application resulted in photo-
sensitivity to irradiation with a quartz lamp or sunlight throuo-h 
window glass [7]. Kaidbey and Kligman [10] demonstrated th~t 
2-h and 4-h applications of 5% CCT in petrolatum produced 
equivalent phototoxicity. Our studies of the effect of varying 
the T A demonstrated a rapid increase in phototoxicity after 
even 15 min of tar application (Fig 2). We found that photo-
toxicity as measured by MPD followed a log-log dose-response 
model (Fig 3) which predicts that further increases in TA beyond 
3 h would produce only minimal decreases in MPD, which are 
unlikely to be clinically relevant. We applied tar for 1 h, which 
was adequate to produce substantial and significant photosen-
sitization. The PI (MED/ MPD) after 1 h was greater than 4 
and was approximately 45% of the PI after 3 h of application. 
Frank [22] in 1949 demonstrated the necessity to remove a 
surface film of tar to maximize photosensitization. He suggested 
that tar on the surface acted as a filtering or screening agent. 
He used Woods light examination following removal oftar with 
soap, water, and alcohol to show persistent tiuorescence [22]. 
Our study supports the contention that most methods of tar 
removal are adequate and equivalent. Only our most vigorous 
method of tar removal tested- soap, water and mineral oil-
was significantly different than the least vigorous method, 
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water, based on resultant phototoxicity. In an attempt to stand-
ardize tar removal methods so that subsequent studies on tar 
photosensitization will be more comparable, we have chosen 
Ivory soap and water which was simple, effective, and well 
tolerated. 
In 1977, Kaidbey and Kligman [11] studied the phototoxic 
reaction of coal tar in detail and described it as a two-stage 
process: an immediate wheal fo llowed by a late infiltrated 
reaction. A sharp burning or smarting sensation preceded an 
immediate erythema which then developed into the wheal and 
flare. The smarting sensation would dissipate within minutes 
of stopping UV A exposure while the wheal would resolve within 
30-60 min [11]. In our subjects we noted that occasionally the 
smarting reaction was accompanied by an immediate erythema 
which faded in several hours; however, this was not a consistent 
finding with 1 MSD of UV A. No urticarial response was noted 
at this dose, but much larger doses generally produced an 
immediate wheal and flare. 
Several studies have confirmed that the UV sources employed 
in the Goeckerman regimen at normal exposure times provide 
insufficient UVA energy to provoke a phototoxic reaction (de-
layed erythema) to tar [4- 6]. Thus, if any photosensitizing 
effect is involved in tar phototherapy, it must take place without 
the production of delayed erythema. Suberythemogenic UV A 
exposure of tar-treated skin has not been successful in clearing 
psoriasis (18,26]. Parrish eta! (19] used a high-intensity UVA 
source to show that tar photosensitization could be effective in 
treating generalized psoriasis. But the treatment was im-
practical with UV A exposures lasting up to 1 h or more, and 
frequent interruptions to obtain relief from the smarting reac-
tion causing further increases in treatment time. Since we have 
shown that the mean MSD is substantially less than the mean 
MPD, our study suggests that any attempt to maximize tar 
photosensitization will also maximize the risk of developing 
smarting. Additional unpublished data from our laboratory 
show that larger exposure sites have a lower MSD, making 
total body tar photosensitization treatment impractical. 
In actual practice, the Goeckerman regimen involves re-
peated daily applications of tar (possibly resulting in a reservoir 
effect) and daily increases in UV exposure. The failure of 
patients undergoing standard tar phototherapy (Goeckerman) 
to experience a smarting reaction further supports the inability 
of commonly used exposure sources to induce tar photosensi-
tization. 
Our study demonstrated a rather pronounced decrease in 
phototoxicity when subjects were irradiated at increasing inter-
vals of time fo llowing tar removal. As noted in Fig 4, even 30 
min is sufficient to significantly increase t he MPD. The MSD 
shows a similar time dependence and roughly parallels the 
increasing MPD. The sensitivity to the smarting reaction re-
mained greater than the sensitivity for delayed erythema (MSD 
< MPD) at all times tested up to 30 h. 
The mechanisms underlying coa l tar phototoxicity are not 
completely understood. Further quantitative studies of the 
smarting reaction are necessary to elucidate the mechanisms 
involved in this manifestation of coal tar phototoxicity. At 
present smarting remains a barrier to the clinical application 
of coal tar photosensitization in the treatment of skin disease. 
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